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TONE CORRECTING METHOD, TONL
CORRECTING APPARATUS, TONE
CORRECTING PROGRAM, AND IMAGE
EQUIPMENT

This application i1s the National Phase of PCT/JP2006/

32353500, filed Dec. 21, 2006, which claims priority to Japa-
nese Application No. 2005-367989, filed Dec. 21, 2003, the
disclosures of which are hereby incorporated by reference 1n
their entirety.

TECHNICAL FIELD

The present invention relates to a tone correcting method,
a tone correcting apparatus and a tone correcting program
which correct tones of 1mages, and 1image equipment.

BACKGROUND ART

An example of tone correcting apparatuses which correct
tones of 1mages 1s a lightness (value) correcting apparatus
which 1s described 1n Patent Document 1. The lightness cor-
recting apparatus described in Patent Document 1 divides an
image 1into some areas, and calculates a parameter on the basis
of average luminance of the respective divided areas, so as to
make a gamma correction.

A method for extracting a human skin area on the basis of
color information and correcting a color of the human skin
area mto a desired skin color on the basis of a parameter
determined 1n advance ({or example, Patent Document 2) 1s
used as a method for correcting a tone of a figure 1image.
Patent Document 3 describes an image processing method for
processing an 1mage by using a face detecting unit. With the
image processing method described in Patent Document 3,
the face detecting unit obtains face area image data SH, and
determines an 1image state such as backlight on the basis of a
characteristic value of SH. A desired color skin 1image and an
original 1mage are weighted by weighting coellicients
obtained by using the determined 1mage state and they are
added, so that the image process 1s executed. Further, Patent
Document 4 describes an 1mage processing method which
corrects density so that a density value of a face area falls
within a target range.

Further, Patent Document 5 describes an image processing,
method for determining a correction parameter on the basis of
image imnformation attached to an image to be corrected so as
to execute an 1mage process. Patent Document 5 describes
that a gamma correction value 1s determined on the basis of
reduced 1image (preview) data of an input 1image and thus a
suitable 1mage correcting process can be executed for a short

time.
Patent Docent 1: JP-A 10-150566 (paragraphs 0013-0014)

Patent Document 2: JP-A 11-26793°7 (paragraphs 0006-
0008)

Patent Document 3: JP-A 11-328339 (paragraphs 0016-
0023)

Patent Document 4: JP-A 2000-196890 (paragraph 0003)

Patent Document 5: JP-A 2000-137805 (paragraphs 0017-
0018)

DISCLOSURE OF THE INVENTION

Problem to be Solved by the Invention

For example, when an image 1s a figure 1mage photo-
graphed against the sun, the figure 1image cannot be always
corrected into a figure image with satisfactory visibility by the

10

15

20

25

30

35

40

45

50

55

60

65

2

correcting methods described in Patent Documents 1 and 2.
Since the lightness correcting apparatus of Patent Document

1 does not determine whether an 1mage includes a figure, even
if the whole 1image can be corrected so as to have satisfactory
visibility, this image does not always have satisfactory vis-
ibility as the figure 1image. That 1s to say, a skin color of a
figure 1s not always corrected 1nto a preferable skin color.

In the tone correcting method of Patent Document 2, a
human skin 1s tried to be detected on the basis of color infor-
mation, but 1n a case of a extreme backlight state, the skin
color might deviate from normal distribution.

Further, even 1f a face detecting unit 1s provided, an opera-
tion which requires a large capacity of memory 1s necessary,
and thus the processing time becomes long. In the image
processing method of Patent Document 3, since a face image
whose color skin 1s converted 1nto a desired skin color and a
background image other than the face area are synthesized by
welghting, a frame memory for retaining 1image data 1s nec-
essary. In the 1mage processing method of Patent Document
4, since the conversion mto a density value i1s necessary,
operating units for respective pixels and a memory for saving
density images are necessary.

In the image processing method described of Patent Docu-
ment 5, an optimum correction parameter cannot be always
determined. In the 1image processing method of Patent Docu-
ment 5, a calculating formula: gamma=in (0.5)/In(Lv) 1s
derived as a calculating formula for obtaining a gamma cor-
rection value on the basis of a luminance average Lv of all the
pixels. According to this calculating formula, an output image
1s generated so that the luminance average becomes constant.
Therefore, for example, when a too bright image or a too dark
image 1s iput, the image 1s excessively enhanced, and thus
the quality 1s deteriorated. Further, since logarithmic conver-
s101 18 necessary, a processing load 1s applied to the calcula-
tion.

It 1s, therefore, an object of the present invention to provide
a tone correcting method, a tone correcting apparatus and a
tone correcting program which can automatically correct tone
so that even a figure 1image photographed against the sun 1s
converted into a figure image with satisfactory visibility. Fur-
ther, 1t 1s another object of the present invention to reduce a
memory capacity necessary for the operation of the tone
correction and the number of operating times. The figure
image with satisfactory visibility means an image having
luminance for giving a preferable skin color of a face portion
in a tone balance of the whole 1mage.

Means to Solve the Problem

A tone correcting method of the present invention for cor-
recting tone of an 1mage, 1s characterized by including:

a step of calculating a representative luminance value rep-
resenting luminance components of pixels mncluded in a spe-
cific area of the image extracted from the image;

a step of calculating a correction parameter for correcting
the tone of the 1mage on the basis of the representative lumi-
nance value and a predetermined boundary value of a prede-
termined luminance component; and;

a step of converting the pixel value of the image by using
the correction parameter. An 1mage which 1s seen at the time
ol extracting the specific area and an 1mage which 1s seen at
the time of calculating the representative luminance value
may be reduced 1mages, for example, as long as they repre-
sent the same contents as those of the image to be corrected.

A tone correcting apparatus for correcting tone of an image
according to the present invention 1s characterized by includ-
ng,



US 8,374,458 B2

3

a specific area correction parameter calculating unit for
calculating a correction parameter for correcting the tone of
the 1mage on the basis of a value showing a luminance com-
ponent of the pixel included 1n a specific area of the image
extracted from the image and a predetermined boundary
value of the luminance component; and

a pixel converting unit for converting a pixel value of the
image using the correction parameter.

A tone correcting program for correcting tone of an 1mage
according to the present invention, 1s characterized by allow-
ing a computer to execute:

a process for extracting a specific area from the image;

a process for calculating a correction parameter as a param-
eter for correcting the tone of the image on the basis of a value
showing a luminance component of a pixel included in the
specific image and a boundary value of the a predetermined
luminance component; and

a process for converting a pixel value of the image using the
correction parameter.

[

‘ect of the Invention

[T

According to the present imnvention, since the correction
parameter 1s calculated based on the value showing the lumi-
nance component of the pixel included in the specific area of
the mput 1image and the boundary value of the predetermined
luminance component, for example, the tone correction such
that a face portion of the 1image (backlight image) whose face
photographed against the sun 1s dark 1s made to be bright can
be realized. Further, the tone correction where a fluctuation 1s
repressed can be realized not only for a backlight image but
also for the 1mage on the specific area photographed with
follow light. In the present invention, the correction param-
eter 1s a parameter which 1s used for conversion calculation
for correcting luminance tone.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram illustrating a constitutional
example of a tone correcting apparatus according to a first
embodiment;

FIG. 2 1s a block diagram illustrating a constitutional
example of a face area correction parameter calculating unit
3;

FIG. 3 1s an explanatory diagram illustrating a setting
example of a face center area;

FI1G. 4 1s an explanatory diagram 1llustrating one example
ol a tone curve obtained by v correction;

FIG. 5 1s an explanatory diagram 1llustrating one example
ol characteristics of conversion from a representative lumi-
nance value 1nto a y value;

FIG. 6 15 a plot chart expressing a relationship between the
representative luminance value and an optimum v value, the
relationship being obtained by subjective appraisal experi-
ment;

FIG. 7 1s an explanatory diagram 1illustrating one example
of a tone curve obtained by a control point moving distance of
the tone curve;

FIG. 8 1s an explanatory diagram 1llustrating one example
ol a conversion table for converting the representative lumi-
nance value into the moving distance of the control point;

FI1G. 9 15 a flow chart 1llustrating an operating example of
the tone correcting apparatus according to the first embodi-
ment;

FIG. 10 1s a block diagram illustrating a constitutional
example of the tone correcting apparatus according to a sec-
ond embodiment;
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FIG. 11 1s a flow chart illustrating an operating example of
the tone correcting apparatus according to the second
embodiment;

FIG. 12 1s a block diagram illustrating a constitutional
example of the tone correcting apparatus according to a third
embodiment;

FIG. 13 1s an explanatory diagram 1llustrating one example
of an 1nput mage including a plurality of faces;

FIG. 14 1s an explanatory diagram where a correction
parameter mapping function 1s expressed by a graph;

FIG. 15 1s a block diagram illustrating one constitutional
example of a personal computer;

FIG. 16 1s a block diagram illustrating a constitutional
example of the tone correcting apparatus according to another
embodiment; and

FIG. 17 1s a block diagram illustrating a constitution of a
cellular phone with a camera as an example of 1mage equip-
ment of the present invention;

FIG. 18 1s a flow chart illustrating another operating
example of the tone correcting apparatus according to the first
embodiment.

DESCRIPTION OF REFERENCE SYMBOLS

face detecting unit

parameter calculation control unit

face area correction parameter calculating unit
face center area setting unit

representative luminance calculating unit
correction parameter calculating unit

standard correction parameter calculating unit
5: image converting unit

-I‘-*-L.:rtu;—hu.:mr—h

21: plural-faces repetition determining unit

22: correction parameter integrating unit

31: face-emphasized correction parameter calculating unit
32: face-emphasized 1image converting unit

BEST MODE FOR CARRYING OUT TH
INVENTION

(L.

First Embodiment

An embodiment of the present invention 1s described below
with reference to drawings. FIG. 1 1s a block diagram 1illus-
trating a constitutional example of a tone correcting apparatus
according to the first embodiment of the present invention.
The tone correcting apparatus shown in FIG. 1 has a face
detecting unit 1, a parameter calculation control unit 2, a face
area correction parameter calculating unit 3, a standard cor-
rection parameter calculating unit 4, and an 1mage converting
unit 5 to be a pixel converting umt. The tone correcting
apparatus 1s realized by an information processing apparatus
such as a personal computer which operates according to a
program. The function of the apparatus 1s realized not only by
soltware but also by exclusive ICs (hard ware) which config-
ure respective components ol the tone correcting apparatus or
a exclusive IC (hard ware) which integrates respective com-
ponents of the tone correcting apparatus. In the first embodi-
ment, the tone correcting program for correcting tone of an
image 1s stored 1n a storage device such as a hard disc of an
information processing apparatus realizing the tone correct-
ing apparatus.

FIG. 15 1s a block diagram illustrating one constitutional
example of a personal computer. The tone correcting program
for correcting tone of an 1mage 1s stored 1n a disc apparatus

204 such as a hard disc, and a CPU 205 executes the tone
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correcting program according to a procedure shown in a flow
chart of FIG. 9. A RAM 206 stores image data input through
an input/output unit 203 and data necessary for executing the
program therein. The mput image and an 1mage output after
the tone correction are displayed on a display unit 202 such as
a liquid crystal display device (LCD). An operating umt 201
controls starting or suspension of the program running by
means of a keyboard, for example. The image output after the
tone correction 1s saved 1n the disc device 204, or 1s output
into a printer via the mput/output unit 203, or 1s transmitted
via a network from the input/output unit 203. The present
invention can be held as a computer readable recording
medium which records the tone correcting program. Such a
recording medium 1s not limited to the recording medium
such as a hard disc built into the computer, but includes
removal recording media such as CDROM, DVD and tlash
memory.

The face detecting unit 1 analyzes an mput image and
detects presence/non-presence of a face and a position of a
face. The face detecting unit 1 refers to image data (informa-
tion obtaimned by digitizing an image) of the input image,
determines presence/non-presence of a face on the image
using pattern recognition, and when detecting the {face,
detects a position of the face. The face detecting unit 1 outputs
a coordinate of a feature point (for example, coordinates of
eye positions) of the face on the mput 1image as information
representing the position of the face.

The face detecting unit 1 may carry out template matching,
using a shading pattern so as to detect a face. The template
matching method 1s described 1n, for example, literature
“Shin Kosugi, ‘Searching and Locating of Face in Scene
Using Multiple Pyramid for Identifying Individuals’, Insti-
tute of Electronics, Journal of Information and Communica-
tion Engineers, April, 1994, Vol. J77-D-11, No. 4, p. 672-681".
Further, locating 1s carried out by using an eigenvector spy-
photo distance so that the position can be detected. The locat-
ing unit 1s described 1n, for example, literature “M. Turk, A.
Pentland, ‘Face Recognition on Using Figenfaces’, Proceed-
ings of IEEE, CVPRO91, June 1991, p. 586-591”".

The face detecting unit 1 may calculates face detection
reliableness representing reliableness of a detected face pat-
tern at the time of detecting the face. As the face detection
reliableness, a difference between a feature quantity of the
pattern recognition obtained at the time of detecting a face
and a feature quantity of an mnput image can be used. Further,
an iverse number of the difference may be used so that as the
reliableness 1s higher, the difference has a larger value. An
image which 1s analyzed by the face detecting unit 1 does not
have to have the same size as the input image, and a reference
input image which 1s reduced so that a face can be detected
may beused. The face detecting unit 1 may execute a reducing,
process on the input image so as to generate a reference input
image.

The parameter calculation control unit 2 determines a cor-
rection parameter calculating method according to the
detected result of the face detecting unit 1, so as to make a
control so that this method 1s carried out. The parameter
calculation control unit 2 makes a control how to calculate a
correction parameter (namely, which unit (component) cal-
culates the correction parameter) on the basis of the informa-
tion about presence/non-presence of a face from the face
detecting unit 1. In the first embodiment, when a face 1s not
yet detected, the parameter calculation control unit 2 controls
the standard correction parameter calculating unit 4 to calcu-
late the correction parameter, and when a face 1s detected,
control the face area correction parameter calculating unit 3 to
calculate the correction parameter.
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The face area correction parameter calculating unit 3 cal-
culates a correction parameter based on a luminance compo-
nent of a face area of an input 1image. The face area correction
parameter calculating unit 3 can calculate a correction param-
cter by using a reference input 1mage instead of an 1put
image. The face area correction parameter calculating unit 3
includes a face center area setting unit 11, a representative
luminance calculating unit 12 and a correction parameter
calculating unit 13 as shown in FIG. 2. FIG. 2 1s a block
diagram 1llustrating a constitutional example of the face area
correction parameter calculating unit 3. The face detecting
unit 1 and the face center area setting unit 11 become face area
extracting units.

The face center area setting umit 11 sets a face center area
on an 1mage according to a coordinate of a feature point of the
face output from the face detecting unit 1. The face center area
1s an area to which a person pays an attention at the time of
seeing a face, namely, a area which 1s surrounded by both eyes
and a mouth 1n the first embodiment. FIG. 3 1s an explanatory
diagram 1llustrating a setting example of the face center area.
As shown 1n FIG. 3, the face center area 101 can be defined as
a rectangular area based on a distance w between both eyes.
As shown 1n FIG. 3, for example, when a width for connecting
both the eyes 1s regarded as the distance w between the eyes,
the face center area setting unit 11 sets the rectangular area
surrounded by points which extend upward by 0.4 w and
extend downward by 0.8 w on the basis of positions of both
the eyes as the face center area. Besides the rectangular shape,
the face center area may have any shapes such as an oval
shape.

The representative luminance calculating unit 12 calcu-
lates a representative value of a luminance component of
pixels included in the face center area. When the input image
1s a color image, an Y value of an XY Z coordinate system can
be used as the luminance component. When the input image
1s a grey 1mage, the pixel value may be directly used. Further,
an average value, a median value, a maximum value and a
minimum value can be used as the representative value of the
luminance component, but as a result of experiments, the use
of the average value provides the highest accuracy. Hereinat-
ter, the representative value of the luminance component
calculated by the representative luminance calculating sec-
tion 12 1s called as a representative luminance value.

The correction parameter calculating unit 13 calculates a
correction parameter based on the representative luminance
value calculated by the representative luminance calculating
umt 12. When the face detecting unit 1 calculates the face
detection reliableness, the correction parameter calculating
unmit 13 can calculate a correction parameter based on the
representative luminance value and the face detection reli-
ableness.

In the first embodiment, cases where a v (gamma) value 1n
the v correction and a control point moving distance of a tone
curve are used as the correction parameter are described as
examples. The v correction 1s generally correction of an error
or the like caused by characteristics or the like of elements
such that that the v value showing a ratio of a change 1n a
voltage converted value to a change 1n brightness of an 1image
1s moved closer to 1. In the first embodiment, correction
expressed by the following formula (1) 1s called as the v
correction. In the formula (1), “R”, “G”, “B” show intensity
of red, green and blue (three primary colors) light, and “R"’,
“G"” and “B" show “R”, “G” and “B” after the v correction.
Further, 1n the formula (1), *“a” 1s a constant. In the vy correc-
tion expressed by the formula (1), the correction 1s made so
that when y<1, the intensity becomes high, and y>1 the inten-
sity becomes low.
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R'=a(R)y
G'=a(G)y

B'=a(B)y

Further, when “R”, “G” and “B” fall within a range of 0 to
253, the v correction can be expressed by the following for-

mula (2).

R'=255-(R/255)y

Formula (1)

G'=255-(G/255)y

B'=255-(B/255)y Formula (2)

FIG. 4 1s an explanatory diagram 1illustrating one example
of a tone curve obtained by the vy correction. The tone curve 1s
a conversion characteristic curve when an mput RGB value
(pixel value before the correction) 1s plotted along an lateral-
axis, and an output RGB value (pixel values after the correc-
tion) 1s plotted along an vertical-axis. In the v correction, the
conversion characteristic curve shown in FIG. 4 1s used for R,
G and B. Since the tone curve shown in FIG. 4 lifts up 1n
comparison with a straight line of 45°, 1t shows that the input
image 1s corrected to be made to be bright by the v correction.

When the v value 1s calculated as the correction parameter,
the v value 1s calculated from the representative luminance
value on the basis of characteristics at the time of converting
the representative luminance value YT into the v value (here-
inafter, conversion characteristics). FIG. 5 1s an explanatory
diagram 1illustrating one example of the conversion charac-
teristics from the representative luminance value Y1 into the vy
value. FI1G. § illustrates linear conversion characteristics 41
and non-linear conversion characteristics 42 as examples of
the conversion characteristics to be used 1n the present inven-
tion.

The correction parameter calculating unit 13 calculates the
v value by using a linear primary expression (linear transfor-
mation) on the basis of the linear conversion characteristics
41. Further, the v value may be calculated by using a non-
linear function or a lookup table on the basis of the non-linear
conversion characteristics 42. The lookup table (heremafter,
the lookup table 1) 1s a table 1n which the v value determined
based on the non-linear conversion characteristics 21 1s
recorded for possible values of the representative luminance.

The following formula (3) 1s one example of a conversion
equation to be used for the correction parameter calculating
unit 13 calculating the v value based on the linear conversion
characteristics 41. In the formula (3), “a” and “3”” are con-
stants.

y=aXf+p

Further, when the face detecting unit 1 calculates the face
detection reliableness L, the correction parameter calculating
unit 13 can calculate the weighted v value (v') using the
following formula (4). In the formula (4), when the face
detection reliableness 1s high, the vy value calculated based on
the representative luminance value 1s weighted by a large
value, and when the reliableness 1s low, the weighting of v0 as
a default parameter 1s enlarged. In the formula (4), the face
detection reliableness [ obtains an actual number of 0=[.=1,
<and as the value 1s larger, the reliableness 1s higher. A for-
mula (35) 1s a formula which 1s obtained by rewriting the
formula (4) into an expression where the v value calculation
method 1s not limited.

formula (3)

v'=Lx(aYf+p)+(1-L)xy0 Formula (4)

v'=Lxy+(1-L)xy0 Formula (5)
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In the present invention, a certain standard 1s provided to
the conversion characteristics. That 1s to say, as shown 1n FIG.
5, onthe basis of a predetermined level (hereinafter, boundary
luminance level), the correction parameter 1s calculated based
on the conversion characteristics having characteristics such
that as the representative luminance value Y1 1s lower, the
image becomes brighter (the v value 1s reduced) and as the
representative luminance value 1s higher, the image becomes
darker (the v value 1s increased). The boundary luminance
level 1s set i advance to a luminance value for providing
preferable skin color according to use areas.

The constants to be used in the calculating formulas and the
contents of the lookup table 1 are stored 1n the storage device
ol the tone correcting apparatus in advance as the need arises.
A plurality of conversion characteristics are enabled to be
used 1n advance, and a user may specily 1t. When a user
adjusts the boundary luminance value, the stored constants
and contents of the lookup table 1 are updated according to
the boundary luminance value.

FIG. 6 1s a plot chart illustrating a relationship between the
representative luminance value Y1 and an optimum v value,
the relationship being obtained by subjective appraisal
experiments. The optimum vy value 1s a vy value when a figure
image 1s corrected to an 1image which an estimator thinks
preferable 1n the case where the estimator manually adjusts
the v correction of the figure 1mage. As shown 1n FIG. 6, the
representative luminance value YT of the face center area 1s
positively correlated with the optimum vy value. It 1s found that
as the representative luminance value Y11s larger, the image 1s
corrected darker, and as the representative luminance value
Y1 1s smaller, the image 1s corrected brighter. Therefore, the
experimental result in FIG. 6 backs up that the optimum v
correction can be realized by calculating the correction
parameter based on the conversion characteristics having the
standard determined by the present invention.

The control point moving distance of the tone curve may be
obtained as the correction parameter. The control point mov-
ing distance of the tone curve 1s a moving distance of the
luminance value determined as the control point to a vertical-
axis direction based on a straight line o1 45° 1n a graph where
the tone curve 1s drawn as shown 1n FIG. 7, namely, informa-
tion showing the correction amount of a predetermined input
luminance value. FIG. 7 1s an explanatory diagram 1llustrat-
ing one example of the tone curve obtained by the control
point moving distance (d1, d2 and d3) of the tone curve. The
control point moving distance of the tone curve can be
obtained by using a conversion table 1n which the moving
distances of the control points corresponding to the possible
representative luminance values are registered as shown in
FIG. 8. FIG. 8 1s an explanatory diagram illustrating one
example of the conversion table for converting the represen-
tative luminance value into the control point moving distance
of the tone curve.

Also 1n the control point moving distance, the conversion
table which has characteristics such that as the representative
luminance value YT 1s smaller, the control point moves to a
brighter direction (the value changes greatly to a plus direc-
tion), and as the representative luminance value YT 1s larger,
the control point moves to darker direction (the value changes
greatly to a minus direction) 1s used. The control point mov-
ing distance does not show the moving distance of the respec-
tive control points but the correction amount of the entire
luminance values. In FIG. 7, three points are determined as
the control points, but their number 1s not limited to three.
That 1s to say, for example, one middle point or three or more
points may be determined as long as an approximation for-
mula of the tone curve based on the characteristics can be
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derived from the moving distances of the control points. The
contents of the conversion table are stored in the storage
device of the tone correcting apparatus in advance. The values
ol the tone curve by means of the y correction drawn based on
the v values described above may be recorded in the conver-
sion table. The control point moving distance of the tone
curve 1s described as the moving distance 1n the vertical-axis
direction, but the control point moving distance can be
defined as the moving distance 1n a lateral-axis direction. In
the case where 1t 1s defined as the moving distance in the
lateral-axis direction, when the control points move greatly to
a left direction, the 1mage 1s converted 1nto a bright one, and
when the control points move greatly to a right direction, the
image 1s converted nto a dark one.

The standard correction parameter calculating unit 4 cal-
culates a standard correction parameter using 1mage data of
the input image. The standard correction parameter calculat-
ing unit 4 calculates the correction parameter based on the
image data 1n the whole mput 1mage or 1n a predetermined
evaluation area. The standard correction parameter calculat-
ing umt 4 can calculate the correction parameter using a
reference input 1image instead of the mput image. The stan-
dard correction parameter calculating unit 4 may calculate the
correction parameter based on an average value of the lumi-
nance values on respective small areas obtained by dividing,
the image regardless of the contents of the image. Further, the
calculation may be made based on not only the average value
but also a minimum value, a maximum value, or a difference
value between the minimum value and the maximum value.

The 1image converting unit 5 converts the pixel values of the
input 1image on the basis of the correction parameter so as to
correct tone of the whole 1input image. The 1image converting
section 5 operates the pixel values using the correction
parameter so as to convert the image value. For example,
when the gamma value 1s calculated as the correction param-
cter, the 1mage converting unit 3 calculates values after the v
correction for possible values (for example, O to 2535) of the
components (for example, R, G and B) to be y-corrected
according to the v correction formula (2), and records the
values 1n a predetermined storage area so as to create a lookup
table. The lookup table here (heremafter, the lookup table 2)
1s a table 1n which the values after the correction to be calcu-
lated by using the correction parameter for possible values of
the components whose tone 1s to be corrected are recorded. As
expressed by the formula (2), since the components R, G and
B to be y-corrected are corrected by using the same calculat-
ing formula, the lookup table 2 can be used commonly. In
such a manner, since the pixel values are converted by using
the lookup table 1n which the calculated values obtained by
calculating possible values of the components to be corrected
in the components of the pixel values using the correction
parameter are recorded, the operation for obtaining the cor-
rection amount does not have to be performed for each pixel.
Further, since 1mages with output size are not synthesized, a
large-capacity memory 1s not required, and a high-speed cor-
recting process can be executed.

When the control point moving distance of the tone curve
1s calculated as the correction parameter, the image convert-
ing unit 5 obtains an approximation formula of the tone curve
based on the moving distances of all the control points, and
calculates the corrected values for the possible values (for
example, O to 255) of the components whose tone 1s to be
corrected according to the obtained approximation formula
so as to create the lookup table 2. The approximation formula
of the tone curve can be obtained from the luminance values
after the correction represented by the moving distances of
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the control points according to an interpolating method such
as linear interpolation or spline interpolation.

That 1s to say, the 1mage converting unit 5 creates the
lookup table 2 in which the corrected values calculated by
using the correction parameter are registered for the possible
values of the components whose tone 1s to be corrected are
recorded. The image converting unit 5 makes table conver-
s10n using the values of the components whose tone 1s to be
corrected 1n the components of the pixel values of the mput
image as inputs using the created lookup table 2, so as to
correct the tone of the whole input image.

In the first embodiment, the face detecting unit 1, the
parameter calculation control unit 2, the face area correction
parameter calculating unit 3, the face center area setting unit
11, the representative luminance calculating unit 12, the cor-
rection parameter calculating unit 13, the standard correction
parameter calculating unit 4 and the image converting unit 3
are realized by a CPU which operates according to programs.

Operations 1n the first embodiment are described below
with reference to FIGS. 9 and 18. FIG. 9 1s a flow chart
illustrating an operating example of the tone correcting appa-
ratus according to the first embodiment and FI1G. 18 1s a flow
chart illustrating another operating example of the tone cor-
recting apparatus according to the first embodiment. When an
input 1image to be corrected 1s mput, the face detecting unit 1
executes a face detecting process (step Al). The face detect-
ing unit 1 refers to a reference input image obtained by reduc-
ing the input image so as to detect a face using pattern recog-
nition. When the face 1s detected, the face detecting unit 1
detects a position of the face. The face detecting unit 1 outputs
the face detected result and information representing the posi-
tion of the face (for example, position coordinates of both
eyes). The face detecting unit 1 may calculate face detection

reliableness at the time of detecting the face. The parameter
calculation control unit 2 determines whether the face is
detected (step A2). When the face 1s detected (Yes at step A2),
the parameter calculation control unit 2 istructs the face area
correction parameter calculating unit 3 to calculate a correc-
tion parameter.

The face area correction parameter calculating unit 3
receives the instruction from the parameter calculation con-
trol unit 2, and calculates the correction parameter based on
the luminance value of the face area 1n the reference input
image. The face center area setting unit 11 determines a face
center area on the reference mput image on the basis of the
information representing the position of the face detected by
the face detecting unit 1. The representative luminance cal-
culating section 12 calculates a representative luminance
value from the pixel values included in the face center area
determined by the face center area setting unit 11 (step A3).
The representative luminance calculating umt 12 obtains an
average value of the luminance values of the pixels included
in the face center area, for example, as the representative
luminance value.

The correction parameter calculating unit 13 calculates a
correction parameter based on the representative luminance
value calculated by the representative luminance calculating
umt 12 (steps A4 and Al14). The correction parameter calcu-
lating unit 13 may calculate ay value 1in the y correction based
on the representative luminance value by using a linear pri-
mary formula or a non-linear function or the lookup table 1
which has conversion characteristics such that the correcting
direction and the correction amount change according to the
representative luminance value on the basis of the boundary
luminance level. Further, the correction parameter calculat-
ing unit 13 may calculate the control point moving distances
of the tone curve on the basis of the representative luminance
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value by using the conversion table which has characteristics
such that the correcting direction and the correction amount
change according to the representative luminance value based
on the boundary luminance level. When the face detecting
unit 1 calculates the face detection reliableness, the correction
parameter calculating unit 13 may carry out weighting by
means of the face detection reliableness between the calcu-
lated correction parameter and the default parameter.

When a face 1s not detected (No at step A2), the parameter
calculation control unit 2 instructs the standard correction

parameter calculating unit 4 to calculate a correction param-
cter. The standard correction parameter calculating unit 4
calculates a standard correction parameter using the image
data of the reference mput image. The standard correction
parameter calculating unit 4 calculates the correction param-
cter based on the pixel values included 1n a predetermined
area of the reference mput image, for example (step A6).

The 1image converting unit 5 converts the pixel values of the
input 1mage using the calculated correction parameter (steps
AS and A15). When the vy value 1s calculated as the correction
parameter, the image converting unit 5 calculates values after
the v correction for possible values of components of the pixel
values to be y-corrected according to the vy correction formula
so as to create the lookup table 2. Further, when the control
point moving distances of the tone curve are calculated as the
correction parameter, the 1mage converting unit 5 obtains an
approximation formula o the tone curve based on the moving
distances of all the control points, and calculates values after
corrected for possible values of components whose tone 1s to
be corrected according to the obtained approximation for-
mula so as to create the lookup table 2. The image converting,
unit 5 converts the values of the components of the pixel
values whose tone 1s to be corrected using the created lookup
table for the pixels of the mnput image so as to update these
values. The image converting unit 5 converts the pixel values
of all the pixels of the input 1mage so as to correct the tone of
the input 1mage.

In the first embodiment, since the face on the 1mage 1s
detected and the tone of the whole 1mage 1s corrected by using
the correction parameter calculated based on the luminance
information on the center area of the face (representative
luminance value), the tone correction such that a dark face on
a backlight 1mage 1s made to be bright can be realized. Fur-
ther, since the correction parameter 1s calculated based on the
characteristics such that the correcting direction and the cor-
rection amount are changed according to the representative
luminance value on the basis of the boundary luminance
level, the tone correction can be realized for the backlight
image, and also the tone correction where a fluctuation 1s
repressed can be realized for an 1image on which the face 1s
photographed with the follow light. That 1s to say, since the
tone correction 1s made based on the representative lumi-
nance value according to the boundary luminance level which
1s preset to luminance values for providing a preferable skin
color, a figure 1image with good visibility can be provided.

Since the correction parameter can be calculated by using
only the reference input image and the synthesization accord-
ing to the output size i1s not carried out, a large-capacity
memory 1s not necessary. Since a complicated operation such
as logarithmic conversion 1s not used at the time of calculating
the correction parameter and the lookup table 2 1s created at
the time of the image conversion so the table conversion 1s
carried out, the process can be executed at high speed.

Second Embodiment

A second embodiment of the present invention 1s described
below with reference to the drawings. FIG. 10 1s a block
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diagram 1illustrating a constitutional example of the tone cor-
recting apparatus according to the second embodiment. The
tone correcting apparatus shown i FIG. 10 has the face
detecting unit 1, the parameter calculation control unit 2, the
face area correction parameter calculating unit 3, a plural-
faces repetition determining umt 21, the standard correction
parameter calculating unit 4, a correction parameter integrat-
ing unit 22, and the image converting unit 3. The tone cor-
recting apparatus shown 1n FI1G. 10 1s different from the first
embodiment shown 1n FIG. 1 1n that the plural-faces repeti-
tion determining unit 21 and the correction parameter inte-
grating unit 22 are added.

When a plurality (N-number) of faces 1s detected, the plu-
ral-faces repetition determining unit 21 makes a control so
that the correction parameters corresponding to the N-num-
ber of face areas are calculated. The plural-faces repetition
determining unit 21 repeatedly instructs the face area correc-
tion parameter calculating unit 3 until the correction param-
eters corresponding to the N-number of face areas are calcu-
lated. When a plurality of faces 1s detected, the correction
parameter mtegrating unit 22 integrates the correction param-
cters calculated correspondingly to the respective face areas.
The correction parameter integrating unit 22 may get an aver-
age of the correction parameters so as to imtegrate the correc-
tion parameters. Further, when the face detecting unit 1 cal-

culates the face detection reliableness, as shown 1n the
following formula (6), the integration may be carried out by
weilghted mean. In the formula (6), the number of face detec-
tions 1s “N”, the face detection reliableness 1s “L(IN)”, and the
correction parameters calculated correspondingly to the face
areas (hereimafiter, v value) are “y(N)”.

|[Mathematical Formula 1|

N Formula (6)
> LIN)-y(N)
n=1

Y= N

2, LIN)

n=1

The correction parameters of the plurality of faces may be
subject to weighted mean average using sizes of the faces as
the integration example. For example, the correction param-
cters may be integrated according to the following formula
(7) by using the distances between both eyes as the face sizes.
In the formula (7), “D(N)” shows the distance between both
eyes. The distance D(IN) can be calculated based on the output
from the face detecting unit 1.

[Mathematical Formula 2]

N Formula (7)
> DN)-¥(N)
n=1

V= N
X DIN)

The correction parameter integrating unit 22 outputs the
integrated correction parameter as the mtegrated correction
parameter. Further, when the number of face detections 1s O
and the correction parameter calculated by the standard cor-
rection parameter calculating unit 4 1s mput, the correction
parameter integrating unit 22 may output the correction
parameter directly as the integrated correction parameter. The
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image converting unit 5 converts the pixel values using the
integrated correction parameter output from the correction

parameter integrating umit 22.

In the second embodiment, the plural-faces repetition
determining unit 21 and the correction parameter integrating
unit 22 are realized by the CPU which operates according to
programs.

An operation of the second embodiment 1s described below
with reference to FIG. 11. FIG. 11 1s a flow chart 1llustrating,
an operation example of the tone correcting apparatus accord-
ing to the second embodiment. Since steps A, A2 and AS and
steps AS and A6 are similar to those in the first embodiment
shown 1n FIG. 9, the description thereof 1s omitted. When the
face detecting unit 1 executes the face detecting process (step
Al), the N-number of faces 1s detected. The face area correc-
tion parameter calculating unit 3 receives the instruction from
the parameter calculation control unit 2 so as to calculate a
correction parameter based on the luminance values of the
face areas on the reference mput 1image.

The plural-faces repetition determining unit 21 makes a
control so that the operations of steps A3 and A4 are per-
formed on the detected all N-number of face areas. When the
face area correction parameter calculating unit 3 finished to
calculate the correction parameter corresponding to one face
area, the plural-faces repetition determining unit 21 deter-
mines whether the other face areas are present (step All).
When the other faces are present (Yes at step A11), the plural-
faces repetition determining unit 21 instructs the face area
correction parameter calculating unit 3 to calculate the cor-
rection parameter corresponding to the next face area (returns
to step A3). When the other faces are not present, the plural-
faces repetition determining unit 21 outputs the correction
parameter corresponding to the calculated N-number of faces
to the correction parameter imtegrating unit 22.

The correction parameter imntegrating unit 22 integrates the
correction parameters corresponding to the N-number of
faces, so as to calculate the itegrated correction parameter
(step A12). The correction parameter integrating unit 22 gets
the average of the correction parameters so as to calculate the
integrated correction parameter. Further, when the face
detecting unit 1 calculates the face detection reliableness, the
correction parameter integrating unit 22 may get the weighted
mean (weighted average) using the face detection reliable-
ness or the size of the face so as to calculate the integrated
correction parameter. The 1mage converting unit 5 converts
the respective pixel values of the input image on the basis of
the integrated correction parameter or the correction param-
cter calculated by the standard correction parameter calculat-
ing unit 4 (step AS). When correction parameter calculated by
the standard correction parameter, calculating unit 4 are
input, the correction parameter integrating unit 22 may output
the correction parameter directly as the integrated correction
parameter.

According to the second embodiment, since all the face
areas on the 1mage are weighted and simultaneously 1nte-
grated, the correction where the balance of the whole image 1s
maintained 1s enabled, thereby preventing a bad influence of
the correction from being exerted upon the whole 1image due
to an influence of a specific face.

Third Embodiment

A third embodiment of the present invention 1s described
below with reference to the drawings. FIG. 12 1s a block
diagram 1llustrating a constitutional example of the tone cor-
recting apparatus according to the third embodiment. The
tone correcting apparatus shown in FIG. 12 has the face
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detecting unit 1, the parameter calculation control unit 2, the
face area correction parameter calculating unit 3, the plural-
faces repetition determining umt 21, the standard correction
parameter calculating unit 4, a face-emphasized correction
parameter calculating unit 31, and a face-emphasized image
converting unit 32. The tone correcting apparatus shown 1n
FIG. 12 1s different from the second embodiment shown 1n
FIG. 10 1n that the face-emphasized correction parameter
calculating unit 31 i1s added instead of the correction param-
cter integrating unit 22 and the face-emphasized 1mage con-
verting unit 32 1s added 1nstead of the image converting unit
5.

The face-emphasized correction parameter calculating
unit 31 uses the correction parameters corresponding to the
face areas calculated by the face area correction parameter
calculating unit 3 so as to calculate a correction parameter
map for correcting respective face center arecas intensively.
The face-emphasized image converting unit 32 converts the
tone of speciiic areas mtensively on the basis of the correction
parameter map calculated by the face-emphasized correction
parameter calculating unit 31.

In the third embodiment, the correction parameters are
treated as the correction parameter map which fluctuates
depending on a coordinate value (X, y) on the image, so that
the correcting effect of the face areas can be large. The face-
emphasized correction parameter calculating unit 31
expresses the correction parameters (here, v value) on the
coordinates as a function I'(x, y) shown by the following
formula (8). Hereinafter, the function I'(X, y) 1s called as a
correction parameter map function. The face-emphasized
correction parameter calculating unit 31 calculates the cor-
rection parameters on all the coordinates on the image
according to the correction parameter map function, on the
basis of the detected coordinates of the face center areas.

v=1"(x,y) Formula (&)

More specifically, the face-emphasized correction param-
cter calculating unit 31 creates the correction parameter map
function I'(x, y) representing the correction parameters on all
the coordinates on the image, on the basis of the detected
coordinates of the face center arcas and their correction
parameters.

An example of the correction parameter map function I'(x,
y) 1s a function which utilizes a two-dimensional Gaussian
distribution function expressed by the following formula (9).
In the formula (9), “N” 1s the number of face detections, 1 1s
a correction parameter corresponding to 1 (1=1=N)-th face
area, “(x0,y0)” 1s a center coordinate of the 1-th face area, and
“o0"” 1s a parameter which changes according to a size of the
1-th face center area (when an area of the face center area 1s
large, “oO1” obtains a large value, and when an area of the face

center area 1s small, “O1” obtains a small value).

|[Mathematical Formula 3]

N Formula (9)
[, y) =) (- Wix, Xo. Y. Yo, 7))
n=1

[ x—x)
Wi ) 1 (v —wi)*
X, X0, Y, » Oj) = CXP| —
0, Vs YO 2?!'5"12 pk 20_12 j

In the formula (9), the correction parameter map function
I'(x, y) 1s defined by a format such that after the correction
parameter yi corresponding to each face area 1s weighted by a
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welghting function W, summation 1s obtained. The weighting,
function W may be a function which reduces the correction
parameters with increasing distance from the center coordi-
nate of the face, and i1t 1s not limited to the format expressed by
the formula (9). Further, the output values of the weighting
function W can be stored as a table 1n advance.

FI1G. 13 illustrates one example of the input image 1nclud-
ing a plurality of faces. The face detecting unit 1 detects a first
face center area 101-1 and a second face center area 101-2.
FIG. 13 1llustrates a range where an influence of correction on
the first face center arca 101 1s dominating as a {first face
influence range 102-1, and a range where an influence of the
correction on the second face center area 101-2 1s dominating
as a second face influence range 102-2.

FI1G. 14 15 an explanatory diagram 1llustrating one example
ol the correction parameter map function I'(X, y) generated
based on the face detected result of FIG. 14 1n a graph form.
FIG. 14 1llustrates correction parameter distribution obtained
based on the correction parameter corresponding to the first
face center area 101-1 as first face correction parameter dis-
tribution 103-1, and correction parameter distribution
obtained based on the correction parameter corresponding to
the second face center area 101-2 as second face correction
parameter distribution 103-2.

As shown 1n FIG. 13, since the luminance value in the first
face center area 101-1 1s large, the correction parameter
around the face center on the first face correction parameter
distribution 103-1 of FIG. 14 (here, v value) becomes large.
On the other hand, since the luminance value 1n the third face
center arca 101-2 1s small, the correction parameter around
the face center 1n the second face correction parameter distri-
bution 103-2 of FIG. 14 becomes smaller than that 1n the first
correction parameter distribution 103-1.

The face-emphasized image converting unit 32 converts
the pixel values of the input 1mage using the correction
parameter map function 1'(x, v) generated by the face-empha-
s1zed correction parameter calculating unit 31 so as to correct
the tone of the whole mput image. The face-emphasized
image converting unit 32 captures the pixels of the mput
image on coordinate axes, and performs an operation on the
pixel values on the basis of the correction parameters on the
coordinate represented by the correction parameter map func-
tion I'(X, y) so as to convert the pixel values.

The face-emphasized 1image converting unit 32 converts
the pixel values represented by all the coordinates on the input
image so as to correct the tone of the whole mnput 1mage.
When the correction parameter map function I'(x, v) shows
no correction (0 as v value) on a certain coordinate, the con-
verting process 1s not executed on the pixel value shown by
this coordinate. Further, when the number of face detections
1s 0, similarly to the first embodiment, the face-emphasized
image converting unit 32 converts the pixel values of the input
image using the correction parameters calculated by the stan-
dard correction parameter calculating unit 4.

In the third embodiment, the face-emphasized correction
parameter calculating unit 31 and the face-emphasized image
converting unit 32 are realized by the CPU which operates
according to programs.

According to the third embodiment, the correction param-
cters according to the plurality of faces can be set. Since only
face areas and their vicinities are corrected and the correction
can be made according to the respective faces can be made,
bad influences of the correction due to the intluence of a
specific face can be prevented from being exerted upon the
whole image.

When the correction amount on each coordinate 1s calcu-
lated, the correction amount parameter map function 1s used,
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so that an unnecessary frame memory for image synthesiza-
tion or the like does not have to be used.

The third embodiment describes the case where an 1mage
include a figure and a face area 1s extracted as a specific area
from the 1mage, but the specific area includes a case where the
image icludes an animal to be the specific area, a case where
the 1image includes a building or a vehicle to be the specific
area, and a case where the 1mage includes a natural object
such as a mountain and an 1sland, and thus the specific area 1s
not particularly limited. In the third embodiment, an input
image 1s analyzed so that the specific area 1s automatically
detected, but the image 1s displayed on a display device so that
the specific area may be specified manually.

In the respective embodiments, the face detecting unit 1
and the face center area setting unit 11 do not have to be
provided as long as an image 1s displayed on the display
device and a specific area 1s specified manually so that a face
area of the 1mage (particularly, center area) can be extracted.
Further, the standard correction parameter calculating unit 4
does not have to be provided, and in this case, also the param-
cter calculation control unit 2 1s not necessary. That is to say,
in the embodiments of the present invention, a constitution
shown 1n FIG. 16 can be adopted. In the constitution of FIG.
16, information about the face center area on the image which
1s similar to the output from the face center area setting unit 11
of FIG. 2 1s mput into the representative luminance calculat-
ing unit 12.

The tone correcting apparatus 1n the embodiments can be
used 1n 1mage equipment such as video cameras, digital cam-
eras and mobile phones with cameras, and printers having an
image processing function.

FIG. 17 1s a block diagram illustrating a constitution of
mobile phone with a camera as the 1mage equipment accord-
ing to the embodiments of the present invention. A tone
correcting program for correcting tone of images 1s stored 1n
a ROM 104, and the tone correcting program 1s executed by a
CPU 1035 according to a procedure shown in the flow chart of
FIG. 9. The RAM 106 stores image data input {from an mput/
outputunit 103, a transmaitter/receptor 101 or an image pickup
clement 107 such as CCD, and necessary data for executing
the program therein. The input image and the 1mage output
aiter the tone correction are displayed on the display unit 102
such as a liquid crystal display unit (LCD). The image output
aiter the tone correction 1s saved in the RAM 106, or 1s output
to a printer via the input/output unit 103, or 1s transmitted via
the transmitter/receptor 101.

Various other variations may be made without departing
from the spirit or the features of the present invention. Each of
the above described embodiments 1s merely an example, and
the present invention 1s not limited to the embodiments. The
present invention 1s claimed 1n the claims, and 1s not restricted
by the specification. Further, the scope of the invention
includes all changes which come within the meaning and
range of equivalency of the claims.

The mvention claimed 1s:

1. A tone correcting apparatus for correcting tone of an
Image comprising;:

a representative luminance value calculating unit config-
ured to calculate a representative luminance value rep-
resenting luminance components of pixels included in a
face area of the 1mage;

a correction parameter calculating unit configured to cal-
culate a correction parameter as a correction amount at a
representative point on a tone curve showing iput-out-
put characteristics of a pixel value of the 1mage, on the
basis ol the representative luminance value and a bound-
ary value of a predetermined luminance component; and
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a pixel converting unit configured to interpolate the tone
curve on the basis of the correction parameter and con-
verting the pixel value of the image.

2. A tone correcting apparatus for correcting tone of an

1mage, comprising:

a representative luminance value calculating unit config-
ured to calculate a representative luminance value rep-
resenting luminance components of pixels included in a
specific area of the image;

a correction parameter calculating unit configured to cal-
culate a correction parameter as a y value for y-correct-
ing the tone of the 1mage by using linear transformation
of the representative luminance value, on the basis of the
representative luminance value and a boundary value of
a predetermined luminance component; and on the basis
of respective size of the plurality of face areas; and

a pixel converting unit configured to convert a pixel value
of the image by using the correction parameter.

3. A tone correcting apparatus for correcting tone of an

Image comprising:

a representative luminance value calculating unit config-
ured to calculate a representative luminance value rep-
resenting luminance components of pixels included in a
face area of the 1image;

a correction parameter calculating unit configured to cal-
culate a correction parameter for correcting the tone of
the 1mage, on the basis of the representative luminance
value, a boundary value of a predetermined luminance
component, and reliableness of face detection, the reli-
ableness being a difference between a feature quantity of
pattern recognmition obtained at the time of the face detec-
tion and a feature quantity of the image or being an
inverse number of the difference; and

a pixel converting unit configured to convert a pixel value
of the image by using the correction parameter.

4. A tone correcting apparatus for correcting tone of an

image, comprising:

A representative luminance value calculating unit config-
ured to calculate representative luminance values repre-
senting luminance components of pixels included 1n a
plurality of respective face areas of the image;

a correction parameter calculating unit configured to cal-
culate a plurality of correcting parameters for correcting
the tones on plurality of face areas of the image on the
basis of the representative luminance values and a
boundary value of a predetermined luminance compo-
nent so as to integrate the plurality of correction param-
cters on the basis of respective size of the plurality of
face areas; and

a pixel converting unit configured to convert a pixel value
of the image by using the integrated correction param-
cter.

5. A tone correction method of a tone correcting apparatus

for correcting tone of an 1image, comprising:

a step of calculating, by the tone correcting apparatus, a
representative luminance value representing luminance
components of pixels included 1n a specific area of the
1mage;

a step of calculating, by the tone correcting apparatus, a
correction parameter as a correction amount at a repre-
sentative point on a tone curve showing input-output
characteristics of a pixel value of the image, on the basis
of the representative luminance value and a boundary
value of a predetermined luminance component; and

a step of interpolating, by the tone correcting apparatus, the
tone curve on the basis of the correction parameter and
converting the pixel value of the image.
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6. A tone correcting method of a tone correcting apparatus
for correcting tone of an 1image, comprising;

a step of calculating, by the tone correcting apparatus, a
representative luminance value representing luminance
components of pixels included in a specific area of the
1mage;

a step of calculating, by the tone correcting apparatus, a
correction parameter as a v value for y-correcting the
tone of the image by using linear transformation of the
representative luminance value, on the basis of the rep-
resentative luminance value and a boundary value of a
predetermined luminance component; and

a step of converting, by the tone correcting apparatus, a
pixel value of the image by using the correction param-
eter.

7. A tone correcting method of a tone correcting apparatus

for correcting tone of an 1image, comprising;

a step of calculating, by the tone correcting apparatus, a
representative luminance value representing luminance
components of pixels included in a face area of the
1mage;

a step of calculating, by the tone correcting apparatus, a
correction parameter for correcting the tone of the
image, on the basis of the representative luminance
value, a boundary value of a predetermined luminance
component, and reliableness of face detection, the reli-
ableness being a difference between a feature quantity of
pattern recognition obtained at the time of the face detec-
tion and a feature quantity of the image or being an
inverse number of the difference; and

a step of converting, by the tone correcting apparatus, a
pixel value of the image by using the correction param-
eter.

8. A tone correcting method of a tone correcting apparatus

for correcting tone of an 1image, comprising;

a step of calculating, by the tone correcting apparatus,
representative luminance values representing luminance
components of pixels included 1n a plurality of face areas
of the 1mage;

a step of calculating, by the tone correcting apparatus, a
plurality of correction parameters for correcting the
tones on plurality of face areas of the image on the basis
of the representative luminance values and a boundary
value of a predetermined luminance component so as to
integrate the plurality of correction parameters on the
basis ol respective sizes of the plurality of face detection
areas; and

a step ol converting, by the tone correcting apparatus, a
pixel value of the image by using the integrated correc-
tion parameter.

9. A non-transitory computer readable medium storing a
tone correcting program for correcting tone of an 1image, the
program allowing a computer to execute:

a process for calculating a representative luminance value
representing luminance components of pixels included
in a specific area of the image;

a process for calculating a correction parameter as a cor-
rection amount at a representative point on a tone curve
showing input-output characteristics of a pixel value of
the 1mage, on the basis of the representative luminance
value and a boundary value of a predetermined lumi-
nance component; and

a process for interpolating the tone curve on the basis of the
correction parameter and converting the pixel value of
the 1mage.
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10. A non-transitory computer readable medium storing a
tone correcting program for correcting tone of an image, the
program allowing a computer to execute:

a process for calculating a representative luminance value
representing luminance components of pixels included
in a specific area of the 1image;

a process for calculating a correction parameter as ay value
for y-correcting the tone of the image by using linear
transformation of the representative luminance value, on
the basis of the representative luminance value and a
boundary value of a predetermined luminance compo-
nent; and

a process for converting a pixel value of the image by using,
the correction parameter.

11. A non-transitory computer readable medium storing a

tone correcting program for correcting tone of an 1image, the

program allowing a computer to execute:
a process for calculating a representative luminance value

representing luminance components of pixels included ,,

in a face area of the image;

a process for calculating a correction parameter for cor-
recting the tone of the 1mage, on the basis of the repre-
sentative luminance value, a boundary value of a prede-

20

termined luminance component and reliableness of face

detection, the reliableness being a difference between a

feature quantity of pattern recognition obtained at the

time of the face detection and a feature quantity of the

image or being an mverse number of the difference; and

a process for converting a pixel value of the image by using
the correction parameter.

12. A non-transitory computer readable medium storing a

tone correcting program for correcting tone of an 1mage, the

10 program allowing a computer to execute:

15

a process for calculating representative luminance values
representing luminance components of pixels included
in a plurality of face areas of the image;

a process for calculating a plurality of correction param-
eters for correcting the tones on plurality of face areas of
the image on the basis of the representative luminance
values and a boundary value of a predetermined lumi-
nance component so as to mtegrate the plurality of cor-
rection parameters on the basis of representative sizes of
the plurality of face areas; and

a process for converting a pixel value of the image by using,
the integrated correction parameter.
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